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oy j(b) (6)]
@6;:@/""/' 90-




¥

19 DEC 1990 - 4 14F Q04=~==0D9

iR & T PRGJELT CODE=>» &14F004—
{ PR SUBMISSIGON DATE=> 12 DEC 19
{ CONTRACT NUMBER=> NOGO1489J

{STARY DATE OF CURRENT COMTRACT=>
REQUESTED START DATE=>
NEGOTIATED START DATE=>

CONTRACTOR NAME=> Purdu
SHUORT LONIRALTUR CODE™> purd

CONTHACTOR STATE=> INM
ReP=> Chandrea Lightfoot

PR TYPE CODE{1l3=> if

i e s e e el W il g RO Gl SNAS MRS MW

=09
30
1864

CONTRACT MUD MUMBER-> POOOGO
Gl FEB 1989
01 NOV 1990

01_NDV—+596
DB AT A2,

END
£END

s Ressarch Foundation
SIZE AND IYPE BUSINESS LUQDE-> is

CONTRACTOR STREET=>» Hovde Hallse Third Fleur
CONTRALTOR CITY=> HWest Lafayette

CONTRACTOR
PH=> 317 494 1077

Page O

PREV R & T PROJECT CUDE=> 414F004---08

Ly

DATE=> 31 DELM1991
DATE=> 31 DEC 1991

Z1IP CODE=> 47907

INSTRUMENT TYPE CODE=> grt
BASIS FOR SELECYION=> baa
EQUIPHENT TLILE=>

DATE=>Z7 AUG 1990

{(23=>

{3}=>
...i.. —————————————————————————————————————————————————————————————————————————————
.;. ————————————————————————————————————
{BRANCH HEAD APPROVAL OF SOURCE JUST=/RFPz>y J E

{BRANCH HEAD COMBENTS ON SOURCE JUSTIFICATIONS=>

S PO A B WA R SN RIS

NEGODTIATOR NAML=>Gallm

SECTION LEADER USERID=>Kurzius
SECTION LEADER NAME=>Kurzius
DATE SECTION LEADER ASSIGNED=>27 AUG 1990

NEGOTIATOR USERID=>gerhmasn

on

JDATE NFEGOTIATOR ASSIGMNED=>»27 AUG 1990

|PREVIGUS NEGLRTIATOR NMAME=>

jPCO USERID=>kurzius NAME=>
Ss0e NAME=>Yoder

S«8a USERIE:*:}yOd 8T

TUTAL OBLIGATED FUNDING

PROGR AN FUNDS
FRC YEAR INCREMENT
4145 1991 9750

O e e e I

Mark

ON

G000
Q.00
000
Cs00
(.00
000
0300
0.00
000

L A e —— s 400 . M T . T . TEA A T 0 Y M e St S0 TP SO i . S S - AR S S W Y S e S b e

S

4

SECTION
s Mark

LEADER CODE=>H1lg—~

?J L]

ASSIGN WEIGHT=>

NEGOTIATOR CODE=>51G~~

sdulia
it
k4
Kurzius
y?«iax

!H -

L e
CODE=>1513
¢ 0 .
ofle CLOGDE=>111453

FUNDS
DUE DATE
CL NOV 195G

>

ACRN

- ac

o ot S T V#¥e Sl APV AN 1y Tt S e S Y e A T M S o S .+ T Vi ke S S A, S ol T ML okl S b P el AL WS T T W T R I T AT A i W S S S . Y T . T . o o it 2

TOTAL CUMULATIVE VALUE OF CURRENT CONTRACT=>
CURRENT CONTRACT=>
PREV MNEG INCREMENTAL FUNDS PROVIDED BY THIS PR=>< ﬂ D

MEW FUNDS BEING NEGDTIATED INTO CURRENT CONTRACT=>
CURRENTLY NEGOTIATED NEW FUNDS PROVIDED BY THIS PR=
TOTAL EXPECTED 1O BE OBLIGATED ON FUTURE ACTIONMS=>

30500000

20750000
'bb

26655850

0.30

0400

0400

CSS FUNDS
000
000
0«GO
G00
000
G00
G000
008
G.00



1498 TITLE=>{u}GaAs Gate Dynamic Memory Technology

REPORTS FREUUENLCY LODc=>sem

PI MAME=>Michael R Mzlloch
1 TELEPHUNE=>{3L7) a94 3528 EXT=>

CONTRACT PROPOSAL/REQUISTION NUMBER->
OMR PROPSUAL NUNMDBER=>
PATENTS INTEREST CODE=>

CLASSIFICATION DD 254=> DATE GF DD 254=>

T ORI R A BN, MORT O IIRSA WO SITMC AN D) BOCRN DAL BRGE DU WORT Wik

potes to 60D0:
This provides the fipal funding increment to the centract.

Short Work Statemesnt:

Invesiigate materialss techniques, designsy and fabrication procedures
leading to high spesd memory circuits exhipiting apriori controlled
threshold voltages having little deviation and extremely long refresh
timess.

Extended Hork Statement:
Investigats MESFEY and MODFET DRAM memories as per section IV
{Statemant of Work} of the proposaln

BPS:SubmissionsfEvalslost/JAazDesc:

Tiis proposal was received in response to the OMR announcement of
research inleresi published in the COMMERCE BUSINESS DAILY of

28 APR 1988. AwWward is rzcommended based on avaluation of the
propusal in accordance with the foliowing criteria {BPS items 1-6):

Financial Lonsiderations:

Labor -

The proposed quantities and types of labor {including any
consultants and labor provided by subgrantes) are yreasocnable and
necessary for accomplishing the research projscta

The proposed labor rates are in line with standard academic or
industrial practice for research of this tvpe.

Any consulting at a rate in excess of $500.00 per day is justified
in the "Additional Consuyltart Information® text item.

Other Direct Losts-

ther proposed direct costs {such as suppliesy egquipments ADP»
travels etce) are rsasonable and necessary for accomplishing the
research project. < (M
rI th& revieswed and accepted the proposed budget subject to the
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Where changes to the original budget were necessary 1 have had
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the principal investigator submit a revised budget through

of ficial unlverslly channels and Lhal revised pudygel is epncloused.
The proposal appaars o be fairs reasonabley in the interest of
the governmenty and is consistent with other previous and current
afforts of this nature.

APS:0verall Merits/JAzContr Quals:

This work Incorporates two novel idsasy synergistically combineds They
are {a) a buried hetsrojunction charge stoerage well and (b)) a semi-
conductory zereo interface state density FET gate sepayrated by an undoped
guantum barriera

BPS:DNR Mission/JAzEnhance fomp:

If successfuls this will result in the first GaAs dyvnamic Modfet
random access memerys. 1his snould 2nable radiation hard memory
rechnelogy oparating at GHz clock speaeds and with cell density 6 times
that of present GaAs memories. Dense memories such as thase will reduce
interconnects among chips and improve miiltary readiness and reliability.

BPS:Contr Juals/JA:Noncomp Justfroin:

The proposed contractor provides the unique capabilities and expsrience
of the orincipal investigator as descriped in the research proposals
The principal investigator would not be avallable through any other
contraciore.

8PSzl Quals/JdAzImprove Comp:

The principal investigator is highly qualified to execute the proposed
program based on his previous experiences publicationses and presanta-
tions as described in the proposals.

14983 Technical Gbjective:
{U) This work seeks new low cost approaches to high speed memory
rzguired in future jNavy signal processing sysicemsSe

1498 Approachs:

{U) Buried heterojunction charge storage weils will be used in conjlinc-
tion with semiconductor gates to create mamory devices exhibiting very
low {2ages one hour) room temperature refresh times. HBE~grown aluminum
arsenide and gallium arsenide will be useds Doped alloys will be
avoideds

1498 Progress:

{i}) Buried memory storage cells using the capacitance of a revarsed
biased P~ Jjunction have been fabricated and tested. The cells include
the associated storage cell transistor and the read and write
transistors in the singie cell memory Yarray“. Storags times in excess
of (a5 minute at roosm temperature were achieved for thsa IC.
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MNoltes to 600:
Tnis provides the final funding increment fto the contracts

Short dWork Statement:

investigate materialss techniguessy designsy and faprication procedures
leading to high speed memory circuits exhipiting apriori controlled
thresnold voltages having little deviation and extrsmely long refresn
Timesa

Extended Work Statementi:
investigate MESFET and MUDFET URAM memoriss as per sectlon IV
{Statement of HWork) of the proposal.

GPS:SubmissionsEvaleslost/JAzDesce

(%

This proposal was received in response t0 the ON® announcement of
research Interast puplished in the COMMERCE BUSIRESS DAILY of

25 APR 19488., Award is recommended based on evaluaition of the
proposal in accordance with the following criteria {(35P5 1ltems 1-6):

Financial Considerations:

Labor ~

The proposed guantities and types of labor (including any
consultants and labor provided by subgrantee} are reasonable ang
necassary for accomplishing the research projects

The proposed labor rates are in lina with standard academic or
industrial practice for resesarch of this type.

Any consuliting at a rate In excess of 5500.00 per day is Jjustified
in the ¥additional Consultant Information¥ text iteme

Jither Direct Losis~—

Other proposed direct costs {such as supplless equipmente ADP.
travely etcs.) ars reasonable and necessary for accomplishing the
research projects

I have reviewsd and accepted the proposed budget subject to the
grant/centracting office 's verification of rates i» indirect costise.
Winher=-changas Yo the ori_.nal budgel were nacessary. . have had
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the principal investigator submit a revised budget through
official univaersity channels and that revised budgst is enclosed.
The praposal appears to be fairy resasonables in the interest of
the govarnmenty and is consistent with olner previous and current
afforts of this natures

BP3:0varall Morits/Ja:Contr wuals:

Thnis work incorporates twWo novei idesass svnergistically combineds They
are {a} a burisd heteroiunction charge storage wWwell and {(b) a semi—~
conductors zero interface state density FET gate separated by an undoped
gquantum barriere.

BPI:0NR Hlswlonf/JAiEnhance Comips

If successfuly this will result in the first GaAS dypamic Modfaet
random access memorvye. 1his should enable radiation hard memory
technology operating at GHzZz clock speeds and with cell density & times
that of present GaAs memories. Danse memories such as these will reduce
interconnects among chips and improve military readiness and reiiadilitve.

gPS:Contr Quals/JA:Noncomp Justfcins

The proposead contractor provides the unlgue capapilities and sxperisence
of the principal investigator as describped in the research proposalas
The principal investigator would not be available through any other
contraciore

BPS:pl duals/JAzImprove Comp:

The principal investigator is highly gqualified to exscute the proposed
program hasad on his praeviods experiences publicationss and presenta-—
tions as described 1n the proposala

1498 Technical Objective:
{U) This work seesks new low cost approaches to high spaed memory
reguired in future Navy signal processing sysiomse

14928 Approach:

{Uj auried heterojunction charge storage wells will b2 used in conjunc—
tion with semiconducior gates to create memory devices exhioniting very
low (2s3eer one hour) room temperature refresh timess. HBE-grown aluminum
arsenide and gallium arsenide will be useds Doped alloys will be
avoideds

149y Progress:

(U} Buried memory storage cells using the capacitance of a reversad
hiasad P-N Junction have besn fabricated and festeds The cells inciude
the associated storage cell transistor and the read and write
transistors in the single call wmemory Yarray¥. Storage times in excess
of 0.5 minute at room tamperature were achieved for the IC.
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TOTAL OBLIGATED fUNDING ON CURRENT CONTRACT=> (3000245926400
PREV NEG INCREMENTAL FUNDS PROVIDED BY THIS PR=>)/000Q .&5000.00

|

i

I

+

i

i

i

| NEW FUNDS BEING NEGOTIATED INTO CURRENT CONTRACT=> 000

| CURRENTLY NEGOTIATED NEW FUNDS PROVIDED BY THIS PR=>0 3110060-00—

|  TOTAL EXPECTED TO BE OBLIGATED UN FUTURE ACTIUNS=> 0«00

i PROGRAM FUNDS FUNDS

i FRC YEAR INCREMENT FS  DUE DATE AC CSS FUNDS

| 4145 1990 110000.00 p 01 NOV 1989 0.00
| 4145 1991 130000.00 0l NOV 1990 0«00
| 0.00 000
i 0400 0400
i 000 0.00
i 000 0400
i 0+00 0400
i 0.00 0e00
i 0.00 000
i 0400 000
15 SEP 1969 414f004———07 Page 1
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1498 TITLE=>{uj)baAs Gate Dynamic Memory Technology

REPORTS FREQUENLY CODE=>sen

PI NAMF=»HMichael] R ¥2lioch
PI FTLLEPHONE=>(317) 49% 3528 EXT=>

CONTRACT PROPOSAL/REQUISTION NUMBER=>
ONR PROPSUOAL NUMBER=>
PATENTS INJEREST LOUE=>

CLASSIFICATION DD 254=> DATE OF DD 254=>

- W W B W 3 b SR mates Bk M s e B KRR Dheas W

e i W A T W W A . - — i

whe
|
1

Short wWork Statement:

Iinvestigate materialse techniquess designse and fabrication procedures
leading to high speed memory circuits exhibiting apriori controllied
threshold veltages having little deviation and extremely long refresh
timese

Extended Work Statements
Investigate MESFET and MUODFET DRAHM memories as per section LV
{Statement of HWork} of the proposale.

BPS:SubmissionstvalsCost/JAsDescs

This proposal was received in response to the (ONR announcement of
research interest published in the COMMERCE BUSINESS DAILY of

28 APR 1988e. Award is recommended based on evaluation of the
propuosal in accordance with the followiny criteria (BPS items 1-6):

Financial Considerations:

Labor -

The proposed guantitles and types of labor {including any
consultants and labor provided by subyranlee) are redsondable and
necessary for accomplishing the research projects.

The proposad labor rates are in line with standard academic or
industrial practice for research of this tyvpes

Any consulting at a rate in excess of $500.00 per day is Jjustified
in the Yadditional Consultant Information” text item.

Uther Direct Costs~

Other proposed direct costs {such as suppliess equipments ADPs
travels; etce) are reasonable and necessary fFor accomplishing the
research projecte

I have reviewed and accepted the proposed budgetf subject to the
grant/contracting officer?s verification of rates in indirect costse
Where changes to the original budget were necessary I have had

the principal investigator submit a revised budget through

official university channels and that revised budget is enclosede
The proposal appears to ék fairs reasonables in the jS~terest of

15 SEP 1989 414 F0U4=~~07 ' pPage 2
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the governmenty and is consistent with other previous and current

efforts of this natures

BPS:sU0verall Merits/da:Contr duals:

This work incorporates two novel idease synergistically combineds They
are (a}) a buried heterojuncilon cihsrge storage well and (b)) & semi-
conductory zero interface state density FET gate separated by an undoped
quantum barrieres

BP530NR Mission/JAtEnhance Comps

If successfuly this will result in the first GaAS dynamic Modfet
random access memorye 1nis should enable radiation hard memory
technoliogy operating at 6Hz clock speeds and with cell density & times
that of present GaAs memories. Dense me2mories such as these will reduce
interconnacts among chips and improve mlilitary readiness and rellabilitye.

#Ps:Contr Wuals/JAsNoncomp Justfcin:

The proposed contractor provides fhe unique capabilities and experience
of the principal investigator as described in the research proposales
The principal investigator would not be available through any other
contractors

BPS:PI duals/JA:Improve Comp:

The principal investigator is highly gualified to execute the proposed
program based on his previous experiencey publicationsy and presenpta-
tions as described in the proposaloe

1498 Technical Ubjective:
{U)} This work seeks new low cost approaches to high speed memory
required in future Navy signal processing systeamsSe

1498 Approach:

{U) Buried heterojuncition charge storage wells will be used iIn conjunc-
tion with semiconductor gates to create memory devices axhibiting very
low {(2:8e¢ one hour) room temperature refresh times. #HMBE~grown aluminum
arsenide and gallium arsenide will be useds Doped allovs will be
avolded.

1498 Progresss

(U} The first integrated circuits using JFET readout and MESFET DRAM
cells were fTabricated in August 198% and svaluated in Septembers
Storage time befween rafresh was found to be 2 secondss Refresh times
of up Lo 15 minutes are envisioned wilh ihis Lecihinoloygve The
technology uses noe amoerphous or polycrystalline insulatorsi as suchs
the DRAHMs are axpected to be extremely radiation tolerants but
radiation tests have noif bean madees

Accounting Classification

ACRN-FRC-PY———— APPN=—m=m=SUDHD=-UB8J~BLN-SA=-AA A== T Tw~P AA———=L05T CODE~——=—PE——
4145 1990 1701319 «wWlAE OU00 RA414 O 068342 20 000000 0210620600100 0601153

Funds Source Titlei ONRLIRDN

Source for Initializatien: RPDOP-5-90 (CODE 11

15 SepP 1989 414 F004~——07 Page 3



Contractor Informations
Short Contractor Code: purd
Purdue Research Foundation

Division of Sponsored Programs

Hovde Halls Third floor
west Lafayettey IN 47907

Size & Type: ls

Countryz: U3

City Code: 82862

State Code: 138

Duns Code: G76710447

DLA Milscap Code: 4B877
Payment Dodaad Code: NOUL?Y
ALO Milscap (Lode: N62HBU
Cognizant Audit Agency: hs(5

C

15 SEP 1989

414F004-—-07
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"2 & ¥ PROJECY CODE GH4L£0 0y ~~—=05 P332V 2 & T PROJECT Cobe 21450084 ~--~05
PR SUBAIS3I0OH DATEH Q29 NOV 1988
CONTRACROR NAME Purdue Research foundation
PR TY¥?PzZ CODE re
50 CODE 41488
I1C grt
STARS PR NO NOOO1489PR2U 33

PROGRAH FUNDS
FRC 1EAR LNCREMENT FUJUS EAPIRATION LATE FS
4145 15 89 65000.00 30 SEp 1989 /% /oi

1498 TITLE ({u)GaAs Gate Dynanic Hemory Technoloyy

Notes to 500:
No Text Availatlea.

Notes to 602:

There is no capitol eguipment in this procurcment. Appecved oy T.Araould:
Although the proposal for this renewal procurement gives a statting date
of 01 June 1989 commensurate with the ead cate of the Freseat contract,
Purdue would actually like the start Jace of the renewal to begin earlier
but still ead on 31 December 1991. This will enable them to better
prepare for committments to gradumate students ang give them nore
flexibility over expenditure nates. dccordingly, 01 Fek 89 is proposed.

Accounting Classification
ACRN-FRC-PY~——-—APPN—»——mm SUBHP-0BJ-BUH-SA-—2AA~—TT~~PAA~——~COST CODE=m=—-—~ P EB--
414> 198% 1791319 -%1AE Q00 Ka414 U 068342 2B 000000 021020000100 0601153

Funds Source Title: ONRIRDWY
Source for Iaitialization: RPDP-7-89 - CoUD2 111

14 NOU 1688 B14£004~---00
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i

iR & T PROGJECT CODE 414£004~--~-006 P2 REV R & 1 BRCJECT CODE 414£004---05 ¢
{ PE SUBMISSION DATE 09 NGV 19388 9..3-, i
| CONTRACT NUMBER -NO-O-G—H-G&I(-G%Z C(NTRR(‘T ¥OD NUMBER 26064 |
|START DATE OF CURKRENT CONTRACT JUs 19806 END DATE 31 MAY 1989 ]
1 REQUESTED START DATE Ui FEB 1989 END DATE 31 DEC 1991 {
{ NEGOTLATED START DATE (o) Felp\a¥T i
i i
i CONTRACTOR NAME Purdue Ressarch Foundation |
| SHORT CONIRACTOR CODE purd SLZE AND TYPE BUSINESS CODE 1s |
i CCNTRACTOR STREET Hovde Hall, Ifhird Floor i
| CONTRACTOR CITY West Lafayette i
i CONTRACTOR STATE iN CONTIRACTOR ZiP CODE 47307 .. i
i REP Chandrea Lightfoot P 317 494 1077 |
d |
| PR TYPE CODE(1) re INSTEUHNENT TYPE CODE grt i
i {2) if BASIS FOR SELECTION baa i
i {3) EQUIPMENT TITLE i
| -
o ————————— e e - - - — e e e e e e e
F e e e e e e e e e e e e —_—
{ BRANCH HEAD APPROVAL OF SQURCE JUST./RFP F DATE /—/2-&“7 1
{BRANCH HEAD CCMMENTIS ON SOURGCE JUSTLIFICATYONS . 1
i S€& WO7TES T 600 |
I |
i [
i SECTION LEADER USERID SECTICN LEADER CODE |
i SECTION LEADER NAME ? " - |
i DATE SECTICN LEADER ASSIGNED ASSIGN WEIGHT R |
i |
{ NEGOTIATOR USERID _moYA NEGOTIIATOR CODE i
i NEGOTIATOR NAME : ¥ % . |
{DATE HEGOTILIATOR ASSIGNED {+{2- |
| PREVIOUS NEGOTIATOR NAME Ford % +Elizabeth ’ - 1
{PCO USERID NAME 9‘\ CODE |
i S.0. NAME Yoder b)'\ Max + N - i
i S.0. USBRID yoder S.0. CODE 111485 . |
i 1
- - ——— —— —_ - ————————————— e -
o e e - e e
| TOTAL CUHULATIVE VALUE OF CURAENT CONTEACT 271528500 |
i TOTAL OBLIGATED FUNDING ON CURIENT CONTERACT 483:928<00 |
i PREV NEG INCREMENTAL FUNDS PROVIDZD BY THIS PR 0.00 1
1 NEW FUNDS BEING NEGOTLATED INTO CUKRENT CONTERACT 305000, 00 o< i
{ CURRENTLY NEGOTIATED NEW FUNDS PROVIDED 3Y THIS PR 65000. 00 o |
i TOTAL EXPECTED TO BE OBLIGATED CH PUTURE ACTICANS 0.00 i
i PEOGRAH FUNDS FUNDS i
{ - FRC YEAR INCREMENT F3 DUE DATE ACEN CSS FUNDS i
1 4145 1989 65000.00 a 01 FEB 1989 N 0.00 i
{ 4145 1990 110000. 00 01 NOV 19389 0.00 |
i 4145 7 1991 130000. 00 01 NOV 1990 0.00 i
| 0. 00 0.00 |
i 0. 00 0.00 |
i 0. 00 0.00 i
i 0e 00 0.00 {
i 0. 00 0.00 i
i 0. Q0 0.00 1
1 0. 00 0.00 |
e - o e o e e o

14 NOV 1988 414f004---0o Page 1



.}—4—-‘-—-—-—————-—--—-—-— — —— Y I YR S —— . - ——— e ey i e b Sl T P YR W S — L. A At

1498 TITILE {u)Gads Gate Dynamic demory Technology

REPORTS FREQUENCLCY CODE sem

PI WAAE fichael 1] delloch
PI THLEPHUNE [317) 494 3523 EiT

ONR PROPSOAL NUMBER 39414--0028
PATENTS INTEREST CODd

CLASSIFICATION DD 254 DATE OF DD 254 .

L e e T e T el e T

i
i
i
!
§
4
i
|
i
| CONTRACT PROPOSAL/REQUISTION HNUMBER
1
i
i
i
1
i
i
+

i i e i TS Y S P e S——— - ™ e — o - T——— iy it g o A T . et

Notes to 6003

There is no capitol equipment in this procurement. Approved by T.Arnold:
Although the proposal for this reneval procurement gives a starting date
of 01 June 1989 conmensurate with the end date of the present contract,
Purdue wounld actually like the start date of the renewal to begin earlier
but still ead on 31 December 1991. 1nis will enable them to better
prepare for coumitiments to graduate students and give them more
flexibility over expenditure rates. Accordingly, 01 Feb 89 is proposed.

Short Work Statement:

Investigate materials, techmiques, desiyans, and fabrication procedures
leading to high speed memory circuits =2inibiting apriori controlled
threshold voltages having little deviation and extzemely long refresh
tines.

Extended Work Statement:
Investigate MESFETL and MODFET DRAH memories as per section IV
(Statement of Work) of the proposal.

BPS:5ubmission, Eval,Cost/JAzDesc:

Thigs prorosal was received in respousa to che ONB announcemeul of
research interest published in the CO4MEgCE BUSINESS DAILY of

28 APR 1988. Award is reconmended basad on evalwtion of the
proposal in accordance with the foilowinyg criteria (BPS items 1-8):

Financial Considerations:

Labor -

The proposed guantities and tyges of labor {including any
coasultants and labor provided by subjraatse) are reasonable and
necessary for accompiishing the researca project.

The proposed labor rates are in line wiih standard acadenic or
industrial practice for research of this type.

Any consulting at a rate in excess oi $500.00 per day is justified
in the "Additional Counsuitant Information text item.

Gther Direct Costs-
Other proposed direct cosits (such a3 suprlies, equirment, ADP,

i4 MOV 1988 B1UE0 (U—--06 Page 2



{._ {n
‘travel, etc.) are reasonable and necessagy for accomplishing the
research preject.

I have reviewed and accepted the proposad budget subject to the
grant/contracting officerts verification of rates in indirect costs.
Where changes to the oriyinal budget were necessary 1 have had

the principal investigator submit a revised budget through

official universiby channels and that ravised budget is enclosed.
The proposal appears to be fair, reasonable, in the interest of

the gouvernwenl, aad iIs consisteant with othel previous aud curreak:
efforts of this nature.

BPS:0verall Herits/JdA:Contr Quals:

This work incorporates two novel ideas, synergistically combined. They
arve {a) a buried heterojunction charge storage well and (b)) a senmi-
conductor, zero interface state density FET gate separated by an undoped
guantunm Larrier.

BPS:0¥R #Hission/JA; Enhance LComp:

If successful, this will resulit in the first Gads dynanic Modfet
random access memory. This should enable radiation hard memory
technology operating at GHz clock speeds aad with cell density 6 tinmes
that of present Galds mencries. Dense memories suchk as these will reduce
interconnects among chips and improve miiitary readiness and reliability.

BPS:Contr Quals/JA:Noncomp Justfctn:

The proposed coriractor provides the unigue capabilities and experience
of the principal investigator as described in the research proposal.
The principal investigator would nobt p2 available through any other
conbiactior. '

BPS:PT Quals/JA:Imprave CORp:

The principal investigator is highly gyualified to execute the praposed
program pased on his previous experienzz, publications, and presenta-
tions as described in the proposal.

1498 Tachnical Objective:
{U) This work seeks new low cost agrproacaes fo high speed menmory
required in future Navy signal processiag systems.

1498 Approach:

{U) Buried heterojunction charge storag2 wells will be used in conjunc-
tion with semiconducter gates to create asmory devices exhibiting very
iow ({e.yg., One hour) room temperature rafresa times. MNBE~grown aiuminum
arsenide and gallium arsenide will be used. Doped allcys will be
avoideda.

1498 Progress:

{U} Room temperature storage bimes of over Y90 minutes have been
demonstrated in III-V HODFET comprisel of an n-type storage region
surrounded by p-type material of a hijaer bandgap. In contrast to many
cther types of storage type memories, the leakage of the controliing
transistor in this device dees N¥OT discaarge the storage mediaa

Accounting Classification
ACRN-FRC-PY~~—-——APPN--——" SUBED~-GBJ-3CH-S5A-~AAA~—TF1——PAA——~—COST CODE—-——=— PE-~
4145 1988 1791319 +WIAE 000 RA314 0 068342 2B 000000 021020000100 05011531

Funds Source Title: CHRIRDYH

i4 NOV 1988 B14£0 04~~-05 Page 3
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S56urce for Initialization: RPDP-7-89 - COUDE TN
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Coastrmactor information:

Skort Contractor Code: purd
Purdue Research Foundation
Division of Sponsored Prograams
ilovde Hall, Third Floorc

Hest Lafayette, IN 47907

Size & Type: 1s

Country: US

City Lode: 82862

State Code: 18

Duns Code: 070710447

DLA HMilscap Code: U4BS77
Payment Dodaad Code: NGO179
ACO fidiscap Code: N62880
Cognizant Audit Agency: hs05

14 NOV 1%88 414£0 Gi—--06
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PURDUE RESEARCH FOUNDATION

DivisioN or
SPONSORED PROGRAMS

REF: DSP #K259 March 22, 1989

Cffice of Naval Research
Attn: Betty Moya, Code 1513
800 N. Quincy St.

Arlington, VA 22217 5000

Subject: Proposal Entitled, "GaAs Gate Dynamic
Memory Technology"
Task No. 414F004---06
Project Director: M. R. Melloch, Purdue

Dear Ms, Mova:

Enclosed please find the additional information you
requested for the subjecl proposal. A starting grant date
of 2/1/89 is acceptable to Purdue Research Foundation.

If you have any questions, please contact Mr. Tom Wright, at
telephone 317/494-1078.

Sincerely,

Keven Anne Gipson I |

Proposal Supervisor
Division of Sponsored Programs

Enclosure

HovpE HALL ® WEST LAFAYETTE, IN 47907 * (317) 494-6200



Supplies
06/01/89 to 05/31/90
(Chemical Materials

(TCL, Acetone, Methanol Hydrogen Peroxide, Sulluric Acid,
Hydrochloric Acid, Ammonium Hydroxide, Nitric Acid, Photoresist)

GaAs substrates
20 - 2-inch wafers

Liquid Nitrogen
(for pumps and as source of pure nitrogen gas)

Electron beam photoplates and supplies

Molecular Beam Epitaxy System Source Material (Arsenic,
Gallium, and Aluminum)

TOTAL

06/01/90 to 05/31/91

Chemical Materials
(TCE, Acetone, Methanol, Hydrogen Peroxide, Sulfuric Acid,
Hydrochloric Acid, Ammonium Hydroxide, Nitric Acid)

GaAs Substrates
20 - 2-inch wafers

Liquid Nitrogen
(for pumps and as source of pure nitrogen gas)

Electron beam photoplates and supplies

Molecular Beam Epitaxy System Source Material
(Arsenic, Gallium, and Aluminum)

TOTAL

06/01/91 to0 12/31/91

Chemical Materials
(TCE, Acetone, Methanol, Hydrogen Peroxide, Sulfuric Acid,
Hydrochloric Acid, Ammonium Hydroxide, Nitric Acid)

GaAs substrates
15 - 2-inch wafers

Liguid Nitrogen
(for pumps and as source of pure nitrogen gas)

Electron beam photoplates and supplies

Molecular Beam Epitaxy System Source Material
(Arsenic, Gallium, and Aluminum)

TOTAL

$ 500

$3,000
$ 500

$1,000

$1,000
$6,000

$ 500

$3,000
$ 500

$1,000
$1,000

$6,000

$ 300

$2,250
$ 250

$ 200
$ 500

$3,500



o

Expendable Equipment

06/0189 to 05/31/90

60 cc pyrolytic boron nitride crucible

part # H6830 from Union Carbide Corporation
Nude Ion Gauge filament

Part # 971-0018 from Varian Associates, Inc.

3 - Nanopure Expendables Kit (D3804) from Curtis Mathes
Scientific, Inc.

Replacement Gauge for beam flux monitor,
Part # 663396 from Varian Associates, Inc.

Nude Ion Gauge, Part # 971-5008 from Varian Associates, Inc.
TOTAL

06/01/90 t0 05/31/91

Reflection Electron Diffraction Phosphorescence Screen,
Part # 981-3357 from Varian Associates, Inc.

3 - Nanopure Expendables Xit (D3804) from Curtis Mathes
Scientific, Inc.

High Tack Mats, Part # C1631 from Lab Safety Supply
TOTAL

06/01/91 to0 12/31/91
4 - High Tack Mats, Part # C1631 from Lab Safety Supply Co.

3 - Nanopure Fxnendables Kits (D3804) from Curtis Mathes
Scientific, Inc.

Nude ion gauge filament, Part # 971-0018 from Varian Associates, Inc.
1 J-3400-00 Hot Plate (H2260-1) from Scientific Products

Ti-Ball sublimation source, Part # 916-0005 from Varian Associates, Inc.

Titanian sublimation pump filaments, Part # 916-0024 from
Varian Associates, Inc.

TOTAL

$ 136

$ 725

$ 550
$ 289
$2,500

$1,750

$ 725
$ 25
$2,500

725
136

77
451

©“ 5 4 9

$ 228
$1,700



06/01/89 to 05/31/90

Travel

Device Research Conference and Electronic Materials Conference at MIT, June 19-23, 1989

Air fare
Taxi
Registration
Lodging
Subsistence

06/01/90 to 05/31/91

1990 Workshop on Compound Semiconductor Materials and Devices, West Coast

Air fare
Taxi
Registration
Lodging
Subsistence

06/01/91 to 12/31/91

TOTAL

TOTAL

$165/ea x 3 people

$100 x 3 people
$95/might x 3 nights x 3 people
$24/day x 4 days x 3 people

$395/ea x 2 people

$22/ea x 2 people x 2 trips

$130 x 2 people

$120/night x 3 nights x 2 people
$24/day x 4 days x 4 people

1991 Electron Devices Meeting, Washington, DC

East Ccast Symposium:

Air fare
Taxi
Registration
Todging
Subsistence

TOTAL

$439/ea x 1 people

$20/ea x 1 people x 2 trips

$150 x 1 people

$125/night x 3 nights x 1 people
$24/day x 4 days x 1 people

$ 495.00
$ 6200
$ 300.00
$ 855.00
$ 288.00

$2,000.00

$ 790.00
3 88.00
$ 260.00
$ 720.00
$ 192.00

$2,050.00

$ 439.00
$ 4000
$ 150.00
$ 375.00
$  96.00

$1,100.00



Publications

06/01/89 to 05/31/90

Four - (hree page articles in Applied Physics Letters at $20
per article and $83 per page

06/01/90 to 05/31/91

Four - three page articles in Applied Physics Letters at $20
per article aud $85 per page

06/01/91 to 12/31/91

Two - three page articles in Applied Physics Letters at $20
per article and $85 per page

$1,100

31,100

$ 550



SHORT FORM RESEARCH CONTRACT Coe /5 §G4 14 --0038

b

f DAT!F SUuViUTTED

RESEARCH PROPQSAL vER PAGE ,(// gﬁ@a ;[_, = Oé

1 TO (Submit copres of proposal to) 2_FROM (Name and address of offeror)
a NAME a2 NAME
M?X 169er Purdue Research Foundation
b R:SHSU et City, State, 2ip) . b ADDRESS (Street, City, State, Zip)
BFRTC “EF WaVal " Hearch Hovde Hall, 3rd Floor .
Electronlcs Division, Code 414

V. di. 47907

DO NOT USE THIS BLOCK

¢ IDENTIFICATION NUMBER

3

SCIENTIFIC FIELD & _1YPE OF OPGANIZATION (X one)

Solid State Devices ¥ | ¥ Edutauonalinstitution

b. Other nonprofit

5

TITLE OF PROPOSAL ' 6 PROPOSAL ALSO BEING SUBMITED TO
GaAs Gale Dynamic Memory Technology

7 PROPOSED AMOUNT : 8. REQUESTED DURATION
s 305,000 2.5 years

S REQUESTIDSTARTDATE (YYMMDOD) '0_TYPE OF CONTRACT (X one)
06/01/89 |a CostPiusFixed Fee

11 PROPOSAL VALID UNTIL {Minimum 6 months) X b Cost. No Fee
12/01/89 ¢ Cost Sharing

12 PRINC-PAL 'NVEST!GATOR(S)

2 Name | o Desartment ¢ Teiephone Number
(1) Michael R. Melloch Electrical Engineering 317-494-3528
sy dJames A, Cooper, Jr. Electricgl_Engineering 317-494=3514
{3)
13 ADMNISTRATIVE REZRESENTATIVE AUTHORIZED 10 CUNDUC! NEGOTIATIONS
a Name n Denartment - 4 Telebhene Numbper
Office of Contract & Grant
) : : © (317) 494- 1078
() Tom Wright Business Affairs
Office of Contract & Grant (317) 494-
(2 Larry E. Pherson Business Affairs 1063
i4 OFFz30RSSTATEMENTS (See Page 2) (Write enclosures or page numbers in 2poropriate block !f page numbers, precede item(s) by “ag”)
3 Techmical

PG 2 |1} Tnie ang anstract of proposes ¢ffor

pg 6 |:2: Statement of Work

pg 3 !i3: Duscussion of packground. obiectives appros.=as anc availaple ‘acities

g _171:4 Nemesand oreef biographicai information 0f rey personnel

]

Financiai

pg_ 321 (1) Costestimate cetaiied by cost eiementson SF 1411 or equivalent

(2! Type of support other than financial if any reguired of the Government e ¢ . faciities equipmert matenals. or perscnnel resources

¢ Agm:nstrative
{%) Statements. f apphcabie, regaroing cost s=ar ng orcan-zanonalconfhm of interest. status of security clearances, environmental
IMPact. anC drevious Or organizational exper-ance r tne ‘ield covered by the proposal
[ {2} Statement as 10 why 1115 ne(essary t0 acau re Hranerty an‘y_\ with contract funds (See AR 45 302)
15 _AUT=O2' 76D REPRESINTATIVE PHRNIIE RF¢ ] ATIONT N L |
a. Typec Name ' }ngnatwe
Robert A. Craenkorrt \ k
¢ Titie d Daze Sig n
g s vep e D A _
fesSitCne 1ot 1 u‘...I,g /
Vice P 4 elpfier— AJ /555
DD Form 2222-2, 84 aPR Previous ecitions are opsolete



SHORT FO.I-;{I\E‘- .'\ESEA:RCH CONTRACT RESEARCH g'-nOPOSAL .
. ) PAGE 2 ATTACHMENT 12

14, OFFEROR'S STATEMENTS

a. USEAND DISCLOSURE OF DATA (X one}

(1) Exceptasindicated in {2) below, the proposal shall not be duplicated, used, or disclosed outside the
Government in whole or in part for any purpose other than to evaluate the propasai without the written
permission of the offeror (Except thatif a contract is awarded on the basis of this proposal, the terms of
this contract shall control disclosure and use)  Thas Tesuicuon dees nut limit the Covernment’s right to use

_ information contained in the proposal if it is obtainable from ancther source without restriction. All data
contained in this proposal is subject 1o this restriction unless specifically excluded by the offeror. The
propasal has been marked as prescribed in FAR 15.509.

(2} Permussion s hereby granted to evaluate this proposal in accordance with your normal procedures which

- may include evaluauon by evaiuators bath within and outside the Government with the understanding
X - that written agreement not to disciose this information shail not be required of or obtained from any
such evaluators.

b. CONTRACT CLAUSES

By signature on Page 1 of this Proposal, the offeror authorizes award of a contract in accordance with the
provisions of DFARS 35.70 and agrees to be bound by the contract clauses contained in DFARS 52.225-7005, in
effect on the date of this propasal, or such other date as may be mutually agreed upon,

¢ REPRESENTATIONS AND CERTIFICATIONS (X one)

(1) Representations and Certifications pertaining to Contingent Fee Representation and Agreement,
Cerufication of Nonsegregated Faciiities, Previous Contract Compliance Reports, Affirmative Action
Compliance, and Clear Air and Water Certification, Organizational Conflicts of Interest, and Insurance

= Immunity From Tort Liabitity were furnished your office on (Enterdate) ___ 8/13/85 .
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Abstract

Undor ONR support, during the last three years we have demonstrated the
feasibility of building one-transistor dynamic random access memories (DRAMS) in
GaAs. These memories are capable of operating over the temperature range to 125 C
with storage times comparable or superior to silicon DRAMs. In this continuation
proposal, we extend this work to demonstrate practical memory arrays in GaAs. We
wlll Investigate several options for building such arrays, including MESFEI-, JFET-,
and MODFET-isolated cells. We will identify the dominant leakage mechanisms in
each type of cell, and optimize the cell and access transistor to minimize leakage,
maximize storage capacity per unit area, and maximize speed of operation.



I. Objective

GaAs digital circuits are of interest because of their higher speed and lower power
dissipation relative to silicon, their broader temperature range of operation, and their
greater radiation tolerance. These factors make GaAs circuits very attractive for many
military applications. There is a growing commercial market for digital GaAs as well,
mainly in the area of high speed supercomputers. We believe future applications will
also develop around the basic compatibility of GaAs with MMIC and optoelectronic
devices.

Digital systems invariably require large amounts of memory, preferably integrated
on the same chlp wilth the processing elements. Recenl studies of computer
archileclure for GaAs show that the speed advantage of GaAs microprocessors is
severely compromised by the need to go off-chip for memory access. This is
especially true since the off-chip/on-chip cycle time ratio is larger for GaAs circuits than
for silicon (in other words, since GaAs systems are running faster than silicon, a long
walit for off-chip access wastes more cycles in a GaAs system than a silicon system).
This intensifies the need for fast, dense on-chip memory for GaAs digital systems. The
one transistor dynamic RAM (DRAM) is the smallest, most dense semiconductor
memory available. The availability of high density DRAM arrays in GaAs will have an
enormous impact on the performance of GaAs digital systems by reducing the need for
off-chip access, thereby directly improving the performance of the system as a whole.

The objective of this research is to demonstrate, characterize, and optimize
dynamic RAM cells and prototype DRAM arrays for GaAs integrated circuits. As will be
discussed below, we have already shown that one transistor DRRAM cells can be built
in GaAs with storage times comparable to those in silicon over the temperature range
to 125 C. The proposed research will extend this wark by optimizing the cell and
access lransistor combination to maximize (a) storage time, (b) charge storage
capaclty, and (c) speed, while (d) minimizing area. The scope ot this work will
encompass several cell geometries, including cells compatible with MESFET/JFET
technology and with MODFET (HEMT) technology.

Il. Background and Past Progress

Under an existing ONR contract, our group has been investigating the feasibility of
constructing a one-transistor dynamic memory in GaAs. Dynamic memory cells can be
grouped into two major categotries: leakage-limited cells and generation-limited cells.
In leakage-limited cells, information is stored by placing a greater-than-equilibrium
number of electrons in a storage region. Information is lost when these excess
electrons leak out of the cell by any of various mechanisms. We have found that
leakage limited cells are generally restricted to operation at cryogenic temperatures,
since it is difficult to construct an effective electron barrier in the AlGaAs/GaAs material
system due to the small conduction band discontinuities available.

In generation-limited memories, information is stored by removing electrons from
the storage region so that less than the equilibrium density of electrons is present.
Information is lost as electrons are supplied to the cell by thermal generation. This is



the type of memory cell usually employed in silicon dynamic RAMs. We have found
that in GaAs the thermal generation rate of electron-hole pairs is actually lower than in
silicon at a comparable temperature, so that generation limited memories in GaAs will
have even longer storage times than their silicon counterparts. We have
demonstrated storage times of over 3 minutes at room temperature in all-GaAs cells
and over 90 minutes at room temperature in cells constructed of Alg 2Gag gAs. Both
colls should be capable of operation up to 125 C.

The resulis described above were obtained using a cell in which electrons are
stored on an n-type region in GaAs surrounded by p-type material, in effect a reverse
biased pn junction. This structure is shown in Fig. 1. In order to form a one-transistor
cell, it is necessary to connect this storage region to an access transistor. One simple
way to do this is shown in Fig. 2. Here we have formed an n-channel JFE | adjacent to
the storage cell. Information can be written into the cell by biasing the access FET on
and taking the source of the access transistor to a positive potential, thus withdrawing
electrons from the storage region. To store information, the access transistor is turned
off, isolating the storage region.

An array of storage cells is shown in Fig. 3. The gates of the access transistors are
connected to a common horizontal word line, and the sources are connected to a
common vertical bit line. The memoty is word organized, and access is achieved by
selecting a word line and reading out the stored information on all bits in that word in
parallel on the bit lines. To read information out, the bit lines are first precharged to a
known potential by a precharge transistor. The precharge transistors are then turned
off, leaving the bit lines floating. The appropriate word line is turned on, connecting
the selected storage bits to their corresponding bit lines. Charge now flows belween
the floating bit lines and the selected storage cells, altering the potential on the bit
lines. Sense amplifiers connected to each bit line detect this change in potential,
thereby reading the state of information in the storage cells.

One concern in constructing the FET-access storage cell is the degree to which
leakage in the access transistor contributes to loss of information in the cell. We have
investigated this for the case of the JFET isolated storage cell of Fig. 2. Measurements
on only a few cells have been made so far, but preliminary indications are that leakage
in the access transistor does not seriously degrade the storage time. For instance, at
room temperature, we have measured storage times of 40 seconds in FET isolated
cells of the type in Fig. 2. This compares to 300 seconds for similar cells withoul the
access transistor. While this represents a substantial reduction, there are as yet nol
enough statistics to judge whether this difference is due to the influence of the access
transistor or is a statistical fluke arising from variations in storage times due to random
defects in the film. At any rate, we regard the 40 second storage time as proof that the
FET isolated cell is capable of operation at room temperature and above.

lll. Technical Approach

The proposed work will deal exclusively with generation-limited storage cells.
Within this category, there are two important structural options to be considered.
These are (a). JFET/MESFET storage cells, and (b). MODFET (HEMT) storage cells.



The JFET storage cell has been described in the first section and is illustrated in
Fig. 2. The MESFET storage cell is directly analogous to this cell, and is shown in Fig.
4. Here the top P+ layer is eliminated, and the gate of the access transistor is formed
by the Schottky barrier between the metal and the N-type channel. The storage cell
may optionally be covered by a grounded Schottky gate to increase the storage
capacitance. The MESFET DRAM coll is of special interest because It can be
fabricated without MBE growth, using only a standard ion-implanted GaAs MESFET
process. In fact, the only modification o the production GaAs FET process used in
most industrial foundries would be the addition of a P-type implant for the tub region,
and the associated ohmic contact to the P-tub, as shown in Fig. 5. The storage cell
shown here is essentially a MESFET with a floating drain region. A further
simplification, shown In Flg. 6, could eliminate the need for the P-tub, allowing the
memoty o be constructed with NO changes or additions to the conventional MESFET
process. Although several of these MESFET options are attractive from a fabrication
point of view, it remains to be established whether they will have sufficiently low

leakage to provide adequate storage times. The study of the ieakage mechanisms is a
primary objective of the proposed research.

The second structural category for generation limited DRAM cells is the MODFET
(or HEMT) device. In the MODFET, ionized dopant atoms in the higher bandgap
AlGaAs material contribute carriers to the lower bandgap GaAs layer, as shown in Fig.
7. In equilibrium, a two-dimensional electron gas (2DEG) will exist at the
GaAs/AlGaAs interface. This structure can be used as a generation-limited memory.
To store information, we remove the 2DEG by drawing the electrons off into &
positively biased region. The limitation on storage time is then the rate at which
electrons are thermally generated to resupply the 2DEG. Structure and operation is
entirely analogous to the MESFET/JFFT DRAM discussed earlier. A diagram of a one-
transistor MODFET DRAM cell is shown in Fig. 8. Again, the major problem is to
identify and quantify the dominant generation and leakage mechanisms, both in lhe
cell itself and in the access transistor, and to optimize the cell for maximum storage
time and minimum area.

In either type of generation-limited memory, it may be helpful to employ a surface
chemical treatment to reduce electron-hole pair generation at exposed GaAs surfaces.
Recently, significant reductions in dark current have been achieved in GaAs PN
diodes using (NH4)2S as a surface passivation. Moreover, unlike eatlier reporls of
chemical treatments using Naz28, (NH4)2S appears lo be stable in room air for long
periods of time, and is insoluble to DI water rinse. [n addition to treating etched edges
and exposed surfaces of GaAs, it may be beneficial to apply the chemical treatments
under the Schottky gate metal of MESFET access transistors. Recent work at Purdue
has shown that treating the GaAs surface with (NH4)oS prior to evaporation of
Schottky metal reduces surface state density by an order of magnitude, thereby
unpinning the Fermi level. As more is learned about the long term stability of
chemical surface treatments, we may be able to use these techniques to further
improve the storage time of DRAM cells.
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Statement of Work

The program tasks are expressed in outline form below. We envision parallel
efforts on MESFET/JFET DRAM development (heading A below) and MODFET DRAM
development (heading B below). Items marked with an asterisk have already been
accomplished as of this writing, and are listed for information only.

A. MESFET DRAM Cell

1.

6.

Evaluate options for structure of cell *

a. Buried PN junction, punchthrough isolated *

b. Burled PN junclion, FET Isolaled *

¢. Surface PN junction, FET isolated *

Study leakage mechanisms in cell *

a. Generation in depletion region *

b. Generation at edges of cell *

Investigate sub-threshold leakage in access transistor

a. Develop 2-D electrostatic model for short-channel MESFET / JFET *

b. Investigate effect of FET parameters on sub-V slope

¢. Investigate leakage from gate electrode and determine whether
MESFET or JFET is optimum

Fabricate and test one-transistor MESFET / JFET DRAM cell

Design prototype memory array

a. Design peripheral circuitry (word line drivers and bit line sense amps)

b. Perform trial layout

¢. Perform SPICE simulation to evaluate performance

Fabricate and test prototype DRAM array

B. MODFET DRAM Cell

1.

2.

Evaluate options for structure of cell

a. Gated or ungated storage cell

b. Normal (AlGaAs) or superlattice (GaAs/AlAs) barrier

c. Single or double heterojunction cell

Study leakage mechanisms in cell

a. Generation in depletion region *

b. Goneration at edges of cell

Investigate sub-threshold leakage in access transistor

a. Develop 2-D electrostatic model for short-channel MODFET *

b. Investigate effect of FET parameters on sub-Vy slope

¢. Investigate leakage from gate electrode and determine whether metal
or GaAs gate is optimum

FFabricate and test one-transistor MODFET DRAM cell

Design prototype memory array

a. Design peripheral circuitry (word line drivers and bit line sense amps)

b. Perform trial layout

¢. Perform SPICE simulation to evaluate performance

Fabricate and test prototype DRAM array
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Figure 1. DRAM cell used to demonstrate feasibility of generation-limited
memotries in GaAs. Charge was stored on the N region and was isolated
by the two reverse biased PN junctions. Storage times of 3 minutes at rcom
temperature were obtained using this cell, in spite of the presence of etched
edges at the periphery. Cell area was typically 300x300 um.
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Figure 2. JFET-isolated DRAM cell. A preliminary version of this type of
cell has demonstrated 40 second storage time at room temperature in spite
of the additional leakage mechanisms inherent in the access transistor.
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Figure 3. Example of a simple memory array containing nine dynamic storage
cells. Addressing, precharge, and sensing circuits are located around the
periphery, and are not shown in this figure.
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Figure 4. MESFET-isolated DRAM cell. A major objective of this research
is to determine whether the MESFET access transistor and exposed top
surface allow acceptable storage times.
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Figure 5. MESFET-isolated DRAM cell with ion-implanted P-tub. The P-tub
forms a reverse-biased PN junction with the overlying N channel layer.
Information is stored by reverse biasing this junction and turning the access

{ransistor off.
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Figure 6. MESFET-isolated DRAM cell with Schottky barrier capacitor. The
metal layer overlying the storage region forms a Schottky barrier with the N-
layer underneath. Information is stored by reverse biasing this Schottky
junction. This structure is full i isti

fabrication processes, and would require NO additional fabrication steps.
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Figure 7. Band diagram for an AlGaAs/GaAs modulation-doped structure perpendicular
to the surface. In this type of cell, a two-dimensicnal electron gas (2DEG) exists at the
interface in equilibrium. Information is stored by selectively removing these electrons.
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Figure 8. MODFET-isolated DRAM cell. This cell stores electrons at the
interface between doped AlGaAs and undoped GaAs. This is a generation-
imited memory, since the equilibrium condition is for a full 2DEG of
electrons to exist at the interface. Information is stored by removing these
electrons (in effect, by reverse biasing the gate-to-channel junction). Datais
gradually lost by thermal generation, similar to the MESFET/JFET cells.
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of MBE-Grown GaAs/AlGaAs/GaAs Ileberostrucbures,” 1985 Fall Meeling of Lhe
Midwest MBE Users Group, Wright State University, October 29, 1985.

M. R. Melloch, J. A. Cooper, Jr., and Q-D. Qian, "Minority Carrier Retention at the

GaAs/AlGaAs Interface," American Physical Society Topical Conf. on III-V and II-VI
Compound Semiconductor Surfaces, Atlanta, GA, Jan. 27-28, 1986.

M. R. Melloch, J. A. Cooper, Jr., and Q-D. Qian, "Investigation of Minority Carrier
Hole Retention Behind AlAs and AlAs/GaAs Superlattice Barriers,” Seventh US MBE
Workshop, Boston, MA, October 20-22, 1986.

J. A. Cooper, Jr., M. R. Melloch, and Q-D. Qian, "Development of a One Transistor
Dynamic RAM for the AlGaAs/GaAs HIGFET Technology,” IEEE Intl. Electron Dev-
ices Meeting, Los Angeles, CA, Tech. Digest, pp. 452-455, Dec. 1986, 452, 1986.

J. A. Cooper, Jr., "The Contiguous-Domain Oscillator-Concept and Realization,”
WOCSEMMAD Conf., Hilton Head, SC, March 2-4, 1987.

G. D. Studtmann, R. L. Gunshor, L. A. Kolodziejski, M. R. Melloch, N. Otsuka, D. P.
Munich, J. A. Cooper, Jr., and R. F. Pierret, "Pseudomorphic ZnSe/GaAs MISFET
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Devices," IEEE Device Research Conf., Santa Barbara, CA, June 1987.

[22] T. E. Dungan, J. A. Cooper, Jr., and M. R. Melloch, "Room Temperature Dynamic

Memories for GaAs Integroted Circuits," IEEE International Electron Devices Meeting,
Washington, DC, Tech. Digest, pp. 348-351, Dec. 1987.
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[1]
(2]

3]
[4]

8]
6]
7

8]
[9]

J. A. Cooper, Jr., "Dynamic Behavior of Electrons at Semiconductor Interfaces Under
Iigh-Field Condilions,” Yale University, New Haven, CT, May 1984.

J. A. Cooper, Jr.,, "Dynamic Memory HKlements for the High-Electron-Mobility-
Transistor (HEMT) Technology," Kodak Research Laboratorles, Rochester, NY, Sept.
1984,

J. A. Cooper, Jr., "One-Transistor Dynamic Memory Cells for GaAs Integrated Cir-
cuits,” IBM T. J. Watson Research Center, Yorktown Heights, NY, Dec. 1984.

J. A. Cooper, Jr., "Observation of High Field Transport in Silicon Inversion Layers,"
Nippon Telegraph and Telephone Corp. Atsugi Electrical Communication Labora-
tories, Atsugi-shi, JAPAN, August 19, 1985.

J. A. Cooper, Jr., "Measurement of High Field Drift Velocity at Semiconductor Inter-
faces Using a Time-of-Flight Technique,” Fujitsu Laboratories, Atsugi-shi, JAPAN,
August 19, 1985.

J. A. Cooper, Jr., "High-Field Electron Transport at the Silicon-Silicon Dioxide Inter-
face,” Toshiba Research and Development Center, Kawasaki, JAPAN, August 20,
1985.

J. A, Cooper, Jr., "The High-Field Drift Velocity in Silicon Inversion Layers," Special
Seminar, Kansai Branch of Japan Society of Applied Physics, Osaka, JAPAN, August
21, 1985.

J. A. Cooper, Jr. and M. R. Melloch, "One-Transistor Dynamic Memory Cells for GaAs
Integrated Circuits,” AT&T Bell Laboratories, Murray Hill, NJ, Sept. 1987.

J. A. Cooper, Jr. and M. R. Melloch, "Dynamic Storage of Majority and Minority Car-
riers in GaAs," Bell Communications Research, Inc., Red Bank, NJ, Sept. 1987.

Technical Reports:

[1]
2]

8]

[4]

J. A. Cooper, Jr., "Effects of Ionizing Radiation on Monolithic MOS Inverters,” SC-
TM-70-339, Sandia Liaboratories, June 1970.

J. A. Cooper, Jr. and R. J. Schwartz, "A Unified Treatment of the Conductance, Capa-
citance, and Noise due to Surface States at the Si0; — Si Interface,” TR-EE-73-20,
School of Electrical Engineering, Purdue University, August 1973.

J. A. Cooper, Jr. and A. M. Mohsen, "Design Considerations and Performance Predic-
tions for Two-Phase Offset Charge Coupled Devices with Particular Reference to Their
Use in Mass Memory," TM-74-2251-11, Bell Laboratories, April 12, 1974.

J. A. Cooper, Jr., "A Numerical Solution of the Two-Dimensional Poisson Equation for
the Short-Channel IGFET with Non-Uniform Channel Doping,” TM-78-2111-14, Bell
Laboratories, Sept. 13, 1978.
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[5]
[6]

[10]
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[12]

S. M. Kang and J. A. Cooper, Jr., "Design of 3.5 um CMOS Polyeells,” TM 79-1151-1,
Bell Laboratories, Jan. 8, 1979.

J. A. Cooper, Jr., "Intereonneet Capacitance in Integrated Cireuits Under Design Rule
Scaling,"” TM-79-1151-24, Aug. 27, 1979.

J. A. Cooper, IJr., D. V. Speeney, and T. T. Sheng, "A Polysilicon Source and Drain
Recessed-Channel IGTET," TM-81-11151-3, Bell Laboratories, Jan 26, 1981.

J. A. Cooper, Jr. and M. G. Lamont, "Numerical Simulation of Surface Charge Tran-
sport in Silicon and GaAs,” TM-83-11156-13, Bell Laboratories, July 18, 1983.

J. A. Cooper, Jr., "Power Law Broadening of Charge Packets at Semiconductor Inter-
foces,” TM 83 11156 14, Bell Liaboratorien, July 18, 1083.

(Several other Bell Laboratories Technical Memoranda are omitted here because they
were subsequently published in the open literature and are listed elsewhere in this
vita.)

Q-D. Qian, J. A. Cooper, Jr., and M. R. Melloch, "Measurement of Minority Carrier

Retention Time at Al,Ga;_,As/GaAs Interface,” TR-EE 86-16, School of Electrical
Engineering, Purdue University, June 1986.

J. 8. Kleine and J. A. Cooper, Jr., "Rapid Thermal Annealing of Silicon Implanted Gal-
lium Arsenide,” TR-EE 86-43, School of Electrical Engineering, Purdue University,
December 1986.

P. G. Neudeck, M. R. Melloch, and J. A. Cooper, Jr., "Experiments in Interrupted
Growth Molecular Beam Epitaxy Technology,” TR-EE 88-3, School of Electrical
Engineering, Purdue University, January 1988.

Patents:

[1]
[2]
3]
4]
[5]

[6]
[7]

[8]

J. A. Cooper, Jr., "Apparatus and Method for Regenerating Charge,” U.S. Patent
43,937,985, Feb. 10, 1976.

D. E. Blahut and J. A. Cooper, Jr., "Integrated Read Only Memory,” U.S. Patent
444,139,907, Feb. 13, 1979.

D. E. Blahut and J. A. Cooper, Jr., "Programmable Logic Array,” U.S. Patent
44,208,728, June 17, 1980.

J. A. Cooper, Jr. and R. H. Krambeck, "Multistage Logic Circuit Arrangement,” U.S.
Patent #4,291,247, Sept. 1981.

C. C. Chang, J. A. Cooper, Jr., D. Kahng, and 8. P. Murarka, "Method of Fabricating
MOS Field Effect Transistors,” U.S. Patent #4,324,038, April 13, 1982.

J. A. Cooper, Jr., "Memory Cell for HEMT,"” U.S. Patent #4,635,083, January 6, 1987.

F. Capasso, J. A. Cooper, Jr., and K. K. Thornber, "Repeated Velocity Overshoot
Semiconductor Device," U.S. Patent #4,719,496, Januvary 12, 1988.

J. A. Cooper, Jr. and K. K. Thornber, "Transferred Electron Device,” U.S. Patent
pending.

J. A. Cooper, JIr., M. R. Melloch, and T. E. Dungan, "Buried Well Dynamic Memory
Cell," U.S. Patent applied for.
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Pendiﬁg Publications:

[1 G.D. Studtmann, R. L. Gunshor, L. A. Kolodziejeki, M. R. Melloch, N. Otsuka, D. P.
Maunich, J. A. Cooper, Jr., and R. F. Pierret, "A Pseudomorphic ZnSe/GaAs Doped
Channel Field Effect Transistor,” accepted by Appl. Phys. Lelt.
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